The degradation of elastic ligatures in the oral environment results in the need of periodic replacement to maintain the optimal force during the orthodontic treatment. The purpose of this work was to realize a clinical prospective randomized study of the degradation of orthodontic elastomeric ligatures in the oral environment by scanning electron microscopy (SEM) and tensile strength test.
INTRODuCTION
Polymeric materials have been used in Orthodontics since 1893 14, 15 and the elastomers are the main polymers used in it. Orthodontic tooth movement is achieved by low force application for long periods, and the elastomers are the most used method to supply orthodontic force in the tooth movement. 21 Its use is related to the transformation of elastic potential energy in mechanical energy, resulting in tooth movement. 3, 12 Natural rubber (NR) was commercially produced in the beginning of the last century through cultivation and puncture of the rubber tree (Haevea brasiliensis), in Amazon, Brazil. The natural polymer synthesized from Haevea species has a high molecular weight average of nearly a million. It is composed of 3 transisoprene units at the end of the molecule and of several thousands of cis-isoprene units in the main chain.
Synthetic isoprene rubber (SR) is a polymer with cis-isoprene units combined by 1,4-linkages. 4 The SR has better properties than NR to orthodontic use. 16 Synthetic rubbers are the most used orthodontic polymer because they produce optimal force, are comfortable, are easy to clean and have low cost. 19 Nevertheless, these materials have quick degradation in the oral cavity and, consequently, short lifetime, which is a notable disadvantage. The main causes of the quick degradation are the variation on pH and temperature, the humidity of the environment, the stress, and the bacterial action. 7 The complex conditions present in the oral cavity cause degradation in elastomers. Some factors of this environment as humidity and temperature can be simulated in vitro, but others such as the presence of complex flora and its products can not be. These in vivo factors are able to induce substantial alterations in the structure and surface of elastomers. 10 Thus, the purpose of the present work was to investigate the degradation of orthodontic elastomeric ligatures in the oral environment by scanning electron microscopy (SEM) and tensile strength test.
MATERIAL AND METhODS
Two hundred and fifty elastomeric ligatures obtained from manufacturer (TP Orthodontics, Indiana, USA) were randomly distributed in 5 equal groups composed by fifty test specimens each. Five volunteers who had not had any complicating medi-cine and had not used antibiotics in the last 2 months were selected from patients about to start their orthodontic treatment with fixed appliances in orthodontic department of Rio de Janeiro Federal University. The patients were invited to participate in the study during 6 weeks. After approval, written consent was given by patient in the moment of placement of appliances. Forty elastomers were kept in the oral cavity of each patient for 1, 2, 3 or 4 weeks and the control group were not placed in the oral environment.
At the first visit, 20 orthodontic elastomeric ligatures were randomly selected and placed around the brackets in the oral cavity from the second premolar on one side to the second premolar on the opposite side, in both arches.
At the second appointment, ater one week, 10 ligatures were pulled out (week-1 group). Five of them were evaluated by scanning electron microscopy to analyze the changes in the supericial morphology caused by oral degradation. The other ive were submitted to tensile strength test to analyze the changes in the mechanical properties. At the same appointment, 10 new elastomeric ligatures were placed around the brackets which had the ligatures pulled out.
At the third visit, 10 ligatures which have been in the oral cavity for 2 weeks were pulled out (week-2 group) and analyzed in the same way of the first group. At this moment, 10 new ligatures were placed around the brackets.
After 2 weeks, in the fourth appointment, 10 ligatures which have been in the oral cavity for 3 weeks were pulled out (week-3 group) and analyzed as the other groups.
In the last appointment, after 2 weeks more, the ligatures that have been in the oral cavity for 4 weeks were removed (week-4 group) and analyzed by scanning electron microscopy and tensile strength test.
The tensile test was performed in ambient temperature, in a universal test machine (Emic DL 10000, Brazil) with cross-head speed of 2 mm/min and load cell of 50 N. A pair of hooks was done with stainless steel (0.032-in diameter) and adapted in the test machine 11 (Fig 1) . The yield strength and the ultimate strength were used as parameters of the tensile test. 21 Tensile strength data were statistically analyzed using one-way ANOVA and compare means with Tukey post hoc test, 5 based on significance level of 0.05%. For surface degradation analysis, the test specimens were coated with gold for 3 minutes at a current of 20 mÅ and vacuum of 200 mTorr. The images were obtained by secondary electrons detector using a scanning electron microscope (JSM 5800, Jeol, Tokyo, Japan). 23 
RESuLTS
The analysis gave evidences of higher superficial degradation than mechanical properties loss. The tensile strength test results showed few mechanical properties changes in both parameters. The ultimate strength values demonstrated no statistical difference among control, week-1, week-2, and week-3 groups. Although, the week-4 group had been significantly lower than the other groups. The values of yield strength did not show any statistical difference among all groups (Fig 2) .
The surface analysis showed gradual degradation indicated by the increase of superficial roughness. Effects of viscoelastic fluency were detectable after the first week and became more intense with increase of the oral permanency time. The superficial roughness raised in specific points in the week-1 group. The week-2 and week-3 groups demonstrated higher area of roughness. In the week-4 group, cracks were visible in elastomeric surfaces and the entire elastomeric surface was rough (Fig 3) .
DISCuSSION
The surface morphology of the elastic ligatures has been significantly changed after the normal use in the oral environment during progressive intervals. Week-1 group: The efects of viscoelastic luency are apparent in some speciic points; Week-2 group: The increase of deformation points and the presence of bioilm above the elastomer are visible; Week-3 group: The supericial roughness is signiicantly higher and the thickness of the elastomer is decreased;
Week-4 group: The degradation of the elastomer is clearly identiied for cracks and roughness in the total area. Some factors present in the oral environment as the intermittent stress of the elastomers, the pH, the oxygen content and the temperature variation are related to the relaxation. Although, the increase on the temperature is the most significant point of the degradation mechanism. 16, 18, 22 De Genova et al, 8 related that the temperature in the oral cavity could vary from 0 to 64 °C. In this manner, one important aspect of oral degradation is the variation of the oral environment temperature and it depends on each individual. 11 In spite of the patients have different eating habits, in the present work, it was observed similar viscoelastic fluency effects in the elastomeric ligatures of all patients. The increase in the internal diameter and reduction in the thickness of ligatures were clearly detected after the first week in the oral cavity. This degradation increased gradually, with the increase of permanency time in the oral environment (Fig 3) .
Other important polymeric degradation mechanism occurs in the immersion in water solution as the saliva. This mechanism is pointed out by swelling and dissolution. The liquid is absorbed by the polymer, penetrating among the macromolecules. This produces an internal force that separates the chains and expands the polymer by breaking the secondary links resulting on relaxation. 4 The degradation of orthodontic elastomers can also occur by oxidation resulting in supericial cracks. The oxidation consists in the interaction among the elastomeric macromolecules with ozone and oxygen. The mechanism responsible for the chemical degradation is the scission of macromolecules chains, in the couple bond between carbon atoms, preferentially attacked by ozone. 4 In this study, it was observed cracks on the surface of orthodontic elastomeric ligatures of week-4 group. These elastomeric ligatures were not totally immersed in oral luids during its use. Thus, they have partial contact with air and consequently with ozone and oxygen, that are factors of degradation.
The presence of bacterial flora is another important factor of degradation. Bode et al 4 isolated a lot of bacterium able to degraded natural and synthetic rubber. Most of them are present in the oral environment, accelerating the biodegradation process.
The complex oral environment results in degradation with many variables like temperature, bac-This in-use biomaterial changes were caused by a process known as aging. In the present study the elastic ligatures aging was characterized by the gradual increase in the surface roughness and by few changes in the mechanical properties of the material. Comparing the results of the tensile test and of the SEM analysis, one may suggest that elastomers have higher superficial degradation than loss of mechanical properties.
The orthodontic elastomers are biodegraded in the oral environment mainly by hydrolyses. Their secondary links are broken and the result is the relaxation, 2, 13 which is the main characteristic of degradation in orthodontics elastomers. This phenomenon is responsible for the constant replacements of the elastomeric ligatures. The relaxation consequence is the decrease on mechanical energy transmitted to the tooth and inally, the reduction of efectiveness of the tooth movement. 2, 11, 13, 14 Ater relaxation, the elastomers commonly sufer the efects of viscoelastic luency. This phenomenon consists in plastic deformation when the elastomer is submitted to forces below the plastic limit. 6, 17 Clinically, this efect could be observed in SEM igures. Permanent deformities are visible in all ligatures submitted to the oral environment, although none of them was stressed above their plastic limit (Fig 3) . Hwang and Cha, 14 in an in vitro study, observed quick relaxation in elastic chains. The author described reduction of 50% on the initial force in the irst 24 hours. Andreasen and Bishara, 1 in an in vivo study, described reduction of 74% on initial force ater the same degradation time. Some important degradation mechanisms are present just in the oral ambient. In example, the accumulation of plaque on the elastomers and the prolonged contact with enzymes cause signiicant degradation in these biomaterials. 11 In the present study, a gradual increase of supericial roughness occurred between 1 and 4 weeks. Eliades et al 10 described that elastomeric surfaces were modiied by irreversible adsorption of proteinaceous matter forming a bioilm ater 24 hours in oral cavity. Ater 3 weeks, this bioilm on elastomeric surface exhibited excessive mineralization increasing the surface roughness. 10 In agreement, the SEM igures of week-1, 2, 3 and 4 groups exhibited increase of roughness and it could be caused by formation of the mineralized bioilm.
Superficial morphology and mechanical properties of in vivo aged orthodontic ligatures original article terium, enzymes, pH, stress, chemical contents and others. More researches are necessary to produce new types of elastomers able to resist in this environment.
CONCLuSIONS
The elastic ligatures aged in the oral environment showed higher superficial degradation and lower loss of mechanical properties after the maximum experimental period.
The clinically signiicant result is that ater the irst week in the oral cavity, the elastomeric ligatures already presented signiicant supericial degradation and this process gradually increases resulting in signiicant supericial roughness, supporting plaque accumulation.
